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Purpose: Acupuncture assisted anesthesia (AAA) has received increasing attention in the procedure of laparoscopic cholecystectomy.
Therefore, we conducted a systematic review and meta-analysis assessing the potential advantages and safety of AAA in patients
undergoing laparoscopic cholecystectomy.

Methods: Randomized controlled trials (RCTs) on AAA in the procedure of laparoscopic cholecystectomy from 8 online databases
were retrieved. Review Manager 5.3 software was used to merge and statistically analyze the extracted data, RoB 2.0 was used to
assess the risk of bias, and GRADEprofiler was used to assess the quality of evidence.

Results: Twenty-three RCTs were included, with a total of 2031 participants. The meta-analysis results indicated that compared with the
control group, AAA reduced postoperative pain intensity (P < 0.05) and the incidence of postoperative nausea and vomiting (P < 0.05), and
shortened the time to first flatus (P = 0.002). AAA also reduced postoperative IL-6 (P =0.01) and TNF-alpha (P < 0.00001) levels compared
with the control group. However, no significant difference on IL-10 level was found (P = 0.09) between AAA and control group.
Furthermore, AAA also reduced the use of intraoperative anesthetics (P < 0.05) and postoperative analgesics (P < 0.00001) compared to
the control group.

Conclusion: This study demonstrates that AAA in the procedure of laparoscopic cholecystectomy has potential advantages on
alleviating postoperative pain and gastrointestinal symptoms, reducing pro-inflammatory cytokines levels, and lowering the dosage of
intraoperative and postoperative analgesics. This highlights the potential benefits of applying AAA in laparoscopic cholecystectomy to
alleviate patient suffering.

Protocol and Registration: PROSPERO registration number: CRD42024549645.

Keywords: anesthesia, acupuncture, analgesia, safety, systematic review, meta-analysis

Introduction

In recent years, changes in lifestyle and dietary habits have led to a significant increase in the prevalence of gallbladder-related
conditions, including gallstones, abdominal adhesions, acute cholecystitis, and Mirizzi syndrome." Laparoscopic cholecys-
tectomy continues to be a primary clinical intervention for a range of benign gallbladder diseases, with an estimated 750,000
procedures conducted annually in the United States alone.” Despite its widespread use, the procedure’s inherent challenges-
such as the creation of pneumoperitoneum, anesthetic administration, and surgical trauma-predispose patients to a range of
postoperative complications. These include incisional pain, nausea and vomiting, hemodynamic instability, and the risk of
infection, all of which can impede recovery and result in extended hospitalization.** Consequently, there is a pressing need to
identify an optimal adjunctive anesthetic approach that mitigates perioperative risks and adverse events.
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Acupuncture involves the insertion of filiform needles into specific points on the patient’s body, known as
acupoints, at calculated angles and through deliberate manipulations with a minimally invasive approach.’
A literature review showed that acupuncture offers potential advantages in perioperative period, such as decreased
incidence of postoperative gastrointestinal symptoms, and decreased postoperative analgesic use.® In addition,
extensive studies have reported the positive effects of different types of acupuncture and related therapies, such as
electroacupuncture (EA) and transcutaneous electrical acupoint stimulation (TEAS), in the management of post-
operative pain and gastrointestinal disturbances.”” In China, acupuncture assisted anesthesia (AAA) has been used
in surgical procedures since the 1950s. And several potential mechanisms have been revealed, such as promoting
the release of endogenous opioid peptides in the central nervous system, and inhibiting the secretion of pro-
inflammatory cytokines in peripheral blood, thereby reducing the required dosage of analgesic medications while
providing effective postoperative analgesia.'®'" This application has been considered as a significant milestone in
the development of modern acupuncture practices and represents a notable advancement in the field.'*"?

Previous clinical studies showed that the use of AAA in surgical operations can reduce the dose of intraoperative anesthetic
and postoperative analgesics, as well as decrease the occurrence and severity of postoperative complications.'* !¢ In addition,
acupuncture is considered as a minimal invasive treatment and is highly safe.'” Currently, the AAA technique has been applied
in laparoscopic cholecystectomy. However, due to small sample sizes and the varying measurement indicators across different
studies, its clinical value and safety are still controversial.'® Therefore, this study aim to summarize current evidence on the use
of AAA in laparoscopic cholecystectomy.

Methods

The research protocol is retrievable from the PROSPERO International Systematic Review Database (https://www.crd.
york.ac.uk/PROSPERO/view/CRD42024549645). The reporting of this study aligned with the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)' statement.

Search Strategies and Data Sources

A literature search was conducted to identify randomized controlled trials (RCTs) examining the efficacy and safety of AAA
in improving postoperative adverse outcomes following laparoscopic cholecystectomy. The search encompassed major
databases, including PubMed, Web of Science, Embase, Cochrane Central, CNKI, VIP, Wanfang Database, and Sinomed.
The search period spanned from the inception of the databases to March 26, 2024. Clinical Trial Registries (ClinicalTrials.
gov), International Clinical Trials registry Platform (trialsearch.who.int), and Chinese clinical trial registry (chictr.org.cn)
were also included in the search to ensure the inclusion of ongoing or unpublished studies. The search strategy on 8§ online
databases is given in Supplementary Table S1. To identify additional studies, the reference lists of published systematic

reviews and included RCTs were screened. No restrictions were placed on language, sample size, publication date, or country.

Inclusion and Exclusion Criteria

The following PICOS criteria were used to screen eligible trials: (1) Participants: Adults undergoing laparoscopic
cholecystectomy, regardless of surgical technique; (2) Intervention: The use of AAA combined with drug
anesthetics; (3) Comparison: standard drug anesthetics, with or without sham acupuncture; (4) The primary
outcome was postoperative pain intensity measured using a visual analogue scale (VAS), and secondary outcomes
were postoperative nausea and vomiting (PONV), time to first flatus (TFF), pro- and anti- inflammatory cytokines,
intraoperative anesthesia use, and postoperative analgesic use; (5) Study Design: Only RCTs were included.
(6) We excluded cross-over trials, quasi-RCTs, cluster RCTs or any other types of non-RCTs.

Articles Selection and Data Extraction

Two researchers (H.F. Lv and J.Y. Xu) independently screened the eligible literature according to the inclusion and
exclusion criteria. Then, two researchers extracted the data and cross-checked it. Disagreements between the researchers
were resolved by consulting a third reviewer (Z.Y. Bian) to reach a consensus. After the retrieved literature was imported
into NoteExpress software for automatic duplicate screening, the title and abstract of each article were manually
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examined. After excluding articles that did not meet the inclusion criteria, the full text of each remaining article was
independently screened to determine whether it was eligible for inclusion in the meta-analysis. The data extraction
process utilized a standardized data extraction form to collect the required information. The extracted data included: (1)
Characteristics of studies: author, country, year of publication, age and sex of participants, sample size, acupoint, EA
waveform, and time of intervention; (2) Outcomes: VAS scores, PONV, TFF, pro- and anti- inflammatory cytokines,
intraoperative anesthesia use, and postoperative analgesic use; (3) Information related to the risk of bias assessment and
quality assessment.

For dichotomous variables such as the incidence of postoperative nausea and vomiting, the total number of cases in
the observation and control groups, as well as the number of events, were extracted. For continuous variables like
postoperative VAS scores, time to first flatus, pro/anti-inflammatory factors, and intra/postoperative drug usage, we
extracted the mean, standard deviation, and total case count. During data extraction, when a study’s observation or
control group comprised two or more subgroups, subgroup data were pooled using methods from the Cochrane
Handbook for Systematic Reviews of Interventions (version 6.5).%° For dichotomous variables, data synthesis involved
summing the sample sizes and event counts from each subgroup. For continuous variables, data synthesis involved using
the equations

Sample size = N; + N,

_ NM, + oM,
N1+ N,

Mean

Ni+N,
Ni+N,—1

o \/(N1 — 1)SD? + (Ny — 1)SD3 + 5% (M? + M2 — 2M,M,)

to merge two intervention groups into one. Combining multiple interventions for calculation was independently
completed by two reviewers (H.F. Lv and J.Y. Xu), and inconsistencies were checked against the original text.

Quality of Included Studies

The methodological soundness of the enrolled studies was subjected to a rigorous dual-review process, employing the
Cochrane Risk of Bias tool (RoB 2.0) tool as the standard for evaluation. These included the authenticity of the
randomization process, any divergences from the planned interventions, the comprehensiveness of the reported outcome
data, the precision of outcome assessments, the potential bias in the selection of reported findings, and the general
susceptibility to bias. When disagreements arose between the two reviewers’ assessments (H.F. Lv and J.Y. Xu), the
differences were resolved by reaching a consensus with a third researcher (Z.Y. Bian).

Certainty of Evidence

This study employed the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) approach to
assess the overall quality of evidence for the outcomes. The GRADE system examines five domains: risk of bias,
inconsistency, indirectness, imprecision, and potential publication bias. These domains collectively contribute to the
evaluation of the quality of evidence, which is categorized into four levels: high, moderate, low, and very low. To ensure
objectivity and reliability, two researchers (H.F. Lv and X.Z. Li) conducted the assessment independently, with a third
researcher (Z.Y. Bian) reviewing the process. Any disagreements were resolved through discussions with the correspond-
ing author (J.Q. Fang).

Data Analysis

The meta-analysis was conducted using Review Manager (RevMan) 5.3 software. We categorized variables as risk ratios
(RR) with a 95% confidence interval (CI). For continuous variables with consistent units, the mean difference (MD) with
a 95% CI was used. In cases where units varied, the standardized mean difference (SMD) was employed. To avoid
sample size overlap in studies with multiple intervention/control groups, we implemented a strategy of subdividing
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participants into distinct subgroups for comparison, as previously reported.?'** This method ensures retention of means
and standard deviations (SD) for continuous variables, while for categorical outcomes, the number of events and total
number of participants were divided. We assessed the heterogeneity among the included studies by using the I* value and
chi-square test. I < 50% and P > 0.1 indicated no significant heterogeneity, in which case the fixed-effects model was
used. In contrast, I*> > 50% and P < 0.1 indicated significant heterogeneity. Subgroup analysis and sensitivity analysis
were carried out for the primary outcomes. Sensitivity analyses were conducted by excluding one study at a time and
pooling the remaining studies. Additionally, publication bias was evaluated using funnel plots. P < 0.05 was considered
statistically significant.

Results

Search Results

A total of 767 studies were identified initially from 8 electronic databases and 3 clinical trial registries. After the removal
of duplicates, 402 unique studies were assessed based on their titles and abstracts, and 308 were excluded because they
did not meet the inclusion criteria. Finally, 23 RCTs were included after a full-text review. The detailed screening process
was illustrated in Figure 1. Cumulatively, the analysis encompassed 23 randomized controlled trials conducted in China
from 2008 to 2024, involving a total of 2,031 patients.zy‘5

Characteristics of Studies
The demographic and methodological features of the studies encompassed within this meta-analysis are delineated in
Table 1. The fundamental patient characteristics, namely age and gender, were meticulously documented across the 23

[ Identification of studies via databases and registers J
o
Records identified from:
PubMed (n = 80)
é \évrﬁg :sf eS((;:e_nz;e;)(n =49) Records removed before screening:
i Cochrane ligrary(n =12) Duplicate records removed (n = 365)
% China National Knowledge Infrastructure (n = 112) Ei‘l:;);?]s:rg?rked as ineligible by automation
3 Wanfang Database (n = 132) Records removed for other reasons (n = 0)
= VIP Database (n= 124) -
Chinese Biomedical Literature (n = 233)
Registers (n =8)
—
— .
Records screened (n = 402) — ¥ Records excluded by title and abstract (n = 308)
Reports sought for retrieval (n = 94) Reports not retrieved (n =6 )
j=2}
=
=
@
5
(7] Reports excluded:
No full text (n =4 )
Duplicate data (n =7)
Reports assessed for eligibility (n = 88) Combined with other severe diseases (n =4 )
Incomplete data (n =22 )
Non RCT research (n=1)
Non AAA in the observation group (n = 16)
ASA grading not met (n=11)
-
v
M)
o
3 Studies included in review (n = 23)
=
—

Figure | Flowchart for inclusion and exclusion of studies.
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Table | Characteristics of Studies

Number. References Sample Size (n = 2031) | Male/Female Age (Years) Intervention Measures Outcomes
TvsC T C

I Cai et al 2024 68/68 vs 68 Ta: 35/33; Ta: 55.95£11.78; | AAA+GA GA @®
Tb: 32/36 Tb: 56.21%13.16
C: 37/31 C: 56.34£13.92

2 Li et al 2023* 50 vs 50 T: 23127 T: 39.448.8 AAA+GA Sham-EA+GA 0]
C: 25125 C: 37.9¢7.9

3 Zhou et al 2023*%8 40/40 vs 40 Ta: 20/20; Ta: 46.22+8.52; AAA+GA GA ©eG
Tb: 23/17 Tb: 44.86£8.84
C:22/18 C: 45.34+7.85

4 Lin et al 2023 47 vs 48 T: 26021 T: 60.4£3.2 AAA+GA Sham-EA+GA 06)
C: 28120 C: 59.2+4.6

5 Luo et al 2022°® 30 vs 30 / T: 53.81£9.72 AAA+GA GA @®

C: 55.41£7.72

6 Zhou et al 2022%° 38 vs 38 T: 16/22 T: 53.311.62 AAA+GA GA O]
C:14124 C: 54.121.81

7 Wei et al 2022%* 40 vs 40 T:22/18 T 44.40£6.32 AAA+GA Sham-EA+GA ®®
C:21/19 C: 44.29+6.26

8 Li et al 2021* 98 vs 98 T: 52/46 T: 65.42£2.36 AAA+GA GA ®
C: 50/48 C: 65.47+2.78

9 Shi et al 202137 36 vs 36 T:20/16 T: 55.47+2.28 AAA+GA GA ®
C:19/17 C: 55.44£2.25

10 Wei et al 2021% 40 vs 40 T:22/18 T: 51.47+2.94 AAA+GA GA ®
C:23/17 C: 51.92+2.78

I Lu et al 2019%° 47 vs 46 T: 24123 T:41.83£5.06 AAA+GA GA ®
C: 2521 C: 42.16£5.29

12 Mi et al 20182 50 vs 50 T: 28/22 T: 4426 AAA+GA Sham-EA+GA @®
C: 2624 C: 4518

13 Jiang et al 2018* 40 vs 40 T: 17/23 T:50.3£10.8 AAA+GA GA ©®
C:18/22 C: 50.4£10.9

14 Lu et al 2017%° 30 vs 30 T: 11719 T: 5410 AAA+GA GA 00
C: 10120 C: 5548

15 Yang et al 2016 50 vs 50 T: 23127 T: 46.3£16.2 AAA+GA GA ©@®
C: 2921 C: 45.9£14.2

16 Zhang Y et al 2015%° 55 vs 50 T: 29126 T: 56.949.0 AAA+GA GA @G
C: 26124 C: 53.2%10.1

(Continued)
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Table | (Continued).

Number. References Sample Size (n = 2031) | Male/Female Age (Years) Intervention Measures Outcomes
TvsC T c

17 Zhang L et al 2015%' 45 vs 45 T: 15/30 T: 52.29+6.37 AAA+GA GA @66
C: 17/28 C: 52.37£6.40

18 Wang et al 2015 30 vs 30 T: 1020 T: 54.88+9.01 AAA+GA GA @G
C:11/19 C: 56.15+10.12

19 Yang et al 2014%? 50 vs 50 T: 23727 T: 41.3£104 AAA+GA GA 0]
C: 21729 C: 39.6£9.53

20 Ding et al 2012* 27 vs 25 T:8/19 T: 5411 AAA+GA GA @66
C:9/16 C: 56210

21 Gu et al 2010% 30 vs 30 T: 8/22 T:53.8%11.4 AAA+GA GA ©®
C: 921 C:56.3£10.1

22 Ding et al 2008%° 30 vs 30 T: 1317 T: 50.5+10.4 AAA+GA GA ®
C: 14/16 C: 487118

23 Liu et al 2008%* 48 vs 48 T: 26/22 T: 4218 AAA+GA GA ®
C: 25/23 C: 4019

Notes: @, VAS Scores; @, Postoperative nausea and vomiting; ®, Time to first flatus; @, Postoperative analgesic use; ®, Intraoperative anesthesia use; ©, Pro- and anti-
inflammatory cytokines; *Triple-arm study design.
Abbreviations: AAA, Acupuncture assisted anesthesia; EA, Electroacupuncture; GA, General anesthesia.

studies. However, one study was noted to lack gender-specific data for both the intervention and control groups. Each of
the 23 rigorously selected RCTs pertained to laparoscopic cholecystectomy procedures. The AAA group’s participant
count varied from 27 to 98, while the control group’s size spanned from 25 to 98 individuals. Within these 23 trials, two
featured a three-arm design.”’®

Table 2 delineates a more nuanced view of the acupoints utilized across the studies under review. Within this corpus
of 23 studies, a predominant trend emerges: 21 studies targeted the PC6 acupoint for intervention. >’ 31337333745
Furthermore, a significant subset of 18 studies opted for a dual-acupoint approach, employing both ST36 and
PC6.2325:2773133-353741.4345 Bevond these primary foci, a constellation of additional acupoints was invoked in several
studies, encompassing CV22, CV17, CV12, LR3, LI4, LI11, EX-LE4, SP6, PCS5, and GB34. In the 23 studies on AAA,
22 used EA. For waveform selection of EA, the distant-dense waveform was the most frequently used, which was
reported in 14 studies.>* 2°-272%:30:31.33.35.37.40-4245 Thiq wwas contrasted by 2 studies that utilized a continuous wave and
another 2 that initiated with a continuous wave before transitioning to a distant-dense pattern.”?~***=° Notably, 4 studies
omitted details regarding their waveform selection.?®***3** As for the temporal aspect of acupuncture intervention,
a uniform approach was observed across all 23 studies, with interventions being initiated prior to surgical procedures.
A specific temporal marker was identified in 13 studies, which initiated their intervention 30 minutes prior to
anesthesia,?>?7 20337353741 While the remaining studies exhibited variability in the commencement of their interven-

tions, a common thread was the continuation of acupuncture until the conclusion of surgery.

Risk of Bias Assessment

The synthesis of the risk of bias assessment is presented herein. As shown in Figure 2, among the 23 studies scrutinized,
all were identified to warrant “concerns” regarding the integrity of the randomization process, which is a critical
component of study design. In terms of the risk of bias pertaining to the measurement of outcomes, two studies were
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Table 2 Details of Acupoints

Author Acupoints Woaveforms Electrical Needle Initiation
Frequency Time (min) *°
Cai et al 2024 ST36, CV22, CV17, CV12, LR3, PC6 Distant-dense 2 Hz/100 Hz 30
ST36, LR3
Li et al 2023* LI4, PC6, ST36, EX-LE4 NA 2-10 Hz 15
Zhou et al 20238 PCé, LI4 Distant-dense 2/100 Hz 30
PC6, LI4, ST36

Lin et al 2023*' PCé, LI4, ST36, SP6 Distant-dense 2/100 Hz 30
Luo et al 2022% PCS5, PC6, ST36/1GB34 Continuous®, Distant-dense® | 3 Hz;4/20 Hz 30
Zhou et al 2022%° PC6, LI4, ST36 Continuous 20 Hz 30
Wei et al 202234 PC6, LI4, ST36 NA 2~100 Hz 30
Li et al 2021%? PCé6, LI, LI4 Distant-dense NA 20
Shi et al 2021°7 EX-LE4, PC6, LII 1, ST36 Distant-dense 2~100 Hz 30
Wei et al 2021°° PC6, Ll4, SP6, ST36 Distant-dense 1/100 Hz 30
Lu et al 2019* PC6, LI4, ST36 Distant-dense 2/15 Hz 30
Mi et al 20182 LI4, PCé, ST36 Distant-dense 2 Hz/100 Hz 30
Jiang et al 2018** PC6, LI4, ST36 NA NA 15
Lu et al 2017%° PCé, LI4, ST36, GB34 Continuous™ Distant-dense® | 4 Hz;4/20 Hz 30
Yang et al 201633 LI4, PCé, ST36, SP6 Distant-dense 2/100 Hz 30
Zhang Y et al 2015 L4, PC6, ST36 Distant-dense 2/100 Hz 30
Zhang L et al 2015 PCé6, ST36, LI4, LIl |, GB34 Distant-dense 5/20 Hz 20-30
Wang et al 2015%¢ GB24, ST30, GB34 Continuous 30 Hz 20
Yang et al 201432 Li4, LR3 / / 10-20
Ding et al 2012% LI4, PC6, ST36, GB34, LIl | Distant-dense 4/20 Hz 15-30
Gu et al 2010%° LI4, PC6, ST36, GB34 Distant-dense 4 Hz/20 Hz 15-30
Ding et al 2008%¢ PCé6, LI4, LI NA NA I5
Liu et al 2008%* PCé Distant-dense 2/100 Hz 30-60

Notes: *Maintain until the end of surgery; "Before anesthesia; “Triple-arm study design; ®After anesthesia;

Abbreviation: NA, not available.

flagged for raising “some concerns”, suggesting potential discrepancies in the accuracy or consistency of outcome
assessments.”*>° With respect to the risk of bias associated with the selection of reported results, four studies were
deemed to evoke “some concerns”, implying that there may be a selective reporting of findings which could skew the
overall conclusions drawn from these studies.”>>**%% Upon evaluating the collective risk of bias across all studies, it
was observed that “some concerns” were present in all studies, highlighting methodological limitations or issues that

might compromise the reliability and validity of the results.”**°
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Figure 2 The risks of bias in (A) individual studies and (B) a summary.

Primary and Secondary Outcomes

Primary Outcomes: Postoperative VAS Scores

In the analysis of VAS scores, the aggregation of pertinent subgroup data was focused at three critical postoperative time points
(Figure 3): postoperative 2 hours, postoperative 12 hours, and postoperative 24 hours. The VAS scores at postoperative 2 hours
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AAA+GA GA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Fixed,956%CI IV, Fixed,95%CI
Gu 2010 & 277 1.63 30 3.17 1.93 30 12.0% -0.40[-1.30,0.50] I
Li 2023 43 32 08 50 4 09 50 88.0% -0.80[-1.13,-0.47] . 5
Total (96% Cl) 80 80 100.0% -0.75[-1.07, -0.44] <

Heterogeneity: Chi? = 0.66, df =1 (P = 0.42); I? = 0%

Test for overall effect: Z = 4.71 (P < 0.00001) -2 " 0 L .
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Jiang 2018 44 3.87 1.03 40 528 1.25 40 6.9% -1.41[-1.91,-0.91]
Li 2023 4 2.3 0.7 50 32 038 50 20.0% -0.90[-1.19,-0.61] =
Shi 2021%7 42 1.09 36 541 1.22 36 6.1% -1.21[-1.74,-0.68] -
Zhou 2023 (combined)28 1.945 0.368 80 289 047 40 62.6% -0.95[-1.11,-0.78] |
Total (96% Cl) 236 196 100.0% -0.97 [-1.10, -0.84] ¢
Heterogeneity: Chiz = 4.74, df =4 (P = 0.31); I = 16% 2 1 o 1 2

Test for overall effect: Z = 14.48 (P < 0.00001) Favours [AAA+GA] Favours [GA]

C

AAA+GA GA Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV.Random,96%ClI IV, Random, 96% CI
Gu 2010 1.27 0.52 30 1.87 097 30 15.9% -0.60[-0.99, -0.21] S
Jiang 2018 44 2.06 0.81 40 3.98 1.02 40 15.8% -1.92[-2.32,-152) — "
Li 2023 4 1.7 0.3 50 1.8 05 50 17.5% -0.10[-0.26, 0.06] =
Shi2021% 211 0.67 36 345 0.8 36 16.3% -1.34 [-1.68, -1.00] -
Yang 2016 33 23 0.58 50 3.8 0.84 50 16.8% -1.50[-1.78, -1.22] T
Zhou 2023 (combined) 2 1.3 0.259 80 1.94 0.28 40 17.7% -0.64 [-0.74, -0.54] fal
Total (95% Cl) 286 246 100.0%  -1.00 [-1.47, -0.63] ’

Heterogeneity: Tau? = 0.33; Chiz = 132.92, df =5 (P < 0.00001); I> = 96%

Test for overall effect: Z = 4.14 (P < 0.0001) e =l 0 ! o

Favours [AAA+GA] Favours [GA]

Figure 3 Forest plot showing the correlations of EA use with VAS scores at postoperative (A) 2 hours; (B) 12 hours; and (C) 24 hours.

Notes: The results of the heterogeneity analysis showed that the I* values for (A and B) were less than 50%, indicating low heterogeneity, and a fixed-effects model was
adopted. In contrast, a random-effects model was used for (C).

Abbreviations: |V, inverse variance; Cl, confidence interval; SD, standard deviation.

encompassed data from a total of 160 participants, evenly divided between the AAA group and the control group. The meta-
analysis demonstrated that patients in the AAA group experienced significantly reduced VAS scores at 2 hours compared to those
receiving only standard care (MD: —0.75, 95% CI: —1.07 to —0.44, P < 0.00001, I* = 0%). Sensitivity analysis confirmed the
consistency of these findings. For the VAS scores at postoperative 12 hours, a comprehensive analysis involving 432 participants
revealed that the AAA group exhibited lower VAS scores than the control group (MD: —0.97, 95% CI: —1.10 to —0.84, P <
0.00001, I> = 16%), with sensitivity analysis again demonstrating consistent results. At the 24-hour postoperative mark, a pooled
analysis of data from 532 patients indicated that VAS scores in the AAA group were lower than those of the control group (MD:
—1.00, 95% CI: —1.47 to —0.53, P < 0.0001, I? = 96%), with sensitivity analysis showing consistency.

Secondary Outcomes: Postoperative Nausea and Vomiting
The incidence of postoperative nausea and vomiting (PONV) was methodically stratified into four temporal categories for
detailed subgroup analysis (Figure 4): postoperative 6 hours, postoperative 24 hours, postoperative 48 hours, and a general
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Figure 4 Forest plot showing the associations of EA use with PONV at (A) 6 hours; (B) 24 hours; (C) 48 hours; and (D) without specific tempora.
Notes: The heterogeneity analysis results showed that the I values for (A—C) were less than 50%, and a fixed-effects model was adopted. In contrast, due to significant

heterogeneity, a random-effects model was used for (D).
Abbreviation: PONV, postoperative nausea and vomiting.
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postoperative period without specific temporal designation (without specific temporal). In the subset of patients assessed
within the first 6 hours postoperatively, those in the AAA group demonstrated a notably reduced incidence of PONV
compared to the control group, with a mean difference (MD) of 0.65 and a 95% confidence interval (CI) from 0.50 to 0.85 (P
=0.001, I> = 0%), and sensitivity analysis affirmed the congruence of these findings across studies). When examining the 24-
hour postoperative period, the AAA group maintained a significantly lower incidence of PONV relative to the control group,
with an MD of 0.46 and a 95% CI ranging from 0.36 to 0.57 (P<0.00001, I* = 18%), and result of the sensitivity analysis
showed consistency. At the 48-hour mark, the AAA group did not exhibit a statistically significant difference in PONV
incidence compared to the control group, with an MD of 0.50 and a 95% CI from 0.21 to 1.22 (P = 0.13, I = 0%). Sensitivity
analysis maintained the consistency in study outcomes, yet hinted at a potential link between AAA intervention and the
attenuation of PONV within the initial 48 hours postoperatively. In aggregate analysis of seven studies that lacked specific
temporal data for PONV, AAA was associated with a reduced incidence of PONV (MD: 0.41, 95% CI: 0.25 to 0.68, P =
0.0005, I = 59%). Nevertheless, the exclusion of the study by Zhang L et al 2015 from sensitivity analysis revealed
inconsistent results, underscoring the complexity and the need for cautious interpretation of these findings.>'

Secondary Outcomes: Pro- and Anti- Inflammatory Cytokines
This meta-analysis (Figure 5) also examined several physicochemical factors, including interleukin-6 (IL-6), interleukin-10
(IL-10), and tumor necrosis factor-alpha (TNF-alpha). The pooled data revealed that, postoperatively, the levels of IL-6 in the
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Figure 5 Forest plot showing the associations of EA use with pro-inflammatory and anti-inflammatory cytokines on (A) IL-6; (B) IL-10; and (C) TNF-alpha.

Notes: The heterogeneity analysis results showed that the I? values for (A and B) were greater than 50%, indicating significant heterogeneity, and a random-effects model
was adopted. In contrast, a fixed-effects model was used for (C).

Abbreviations: IL-6, interleukin-6; IL-10, interleukin-10; TNF- alpha, tumor necrosis factor-alpha.
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acupuncture intervention group were significantly lower than in the control group (MD: —11.15 pg/mL, 95% CI: —19.90 to
—2.41, P =0.01, I> = 89%). However, sensitivity analysis showed inconsistent results when the study by Lu et al 2019 was
excluded.*® Regarding postoperative IL-10, the meta-analysis indicated no statistically significant difference between the two
groups (MD: 3.35 pg/mL, 95% CI: —0.47 to 7.17, P = 0.09, 1= 91%). The meta-analysis results also demonstrated that TNF-
alpha levels were effectively reduced under AAA intervention (MD: —2.71 pg/mL, 95% CI: —3.19 to —2.23, P<0.00001, I* =

0%), with sensitivity analysis confirming the consistency of the study outcomes.*”*

Secondary Outcomes: Time to First Flatus

Regarding the time to first postoperative flatus, the analysis included data from 256 participants, with 128 in the AAA
group and 128 in the control group (Figure 6). The combined data revealed that patients who received AAA intervention
had an earlier time to first postoperative flatus compared to the control group (MD: —9.93 hours, 95% CI: —16.30 to
—3.55, P = 0.002, I* = 98%) and sensitivity analysis showed consistent results across studies.

Secondary Outcomes: Intraoperative Anesthesia and Muscle Relaxant Use

Owing to the heterogeneity in anesthetic protocols among the studies under review, a subgroup analysis was meticulously
performed to assess the usage patterns of diverse anesthetics and muscle relaxants (Figure 7). The meta-analysis
disclosed a markedly reduced propofol consumption in the AAA group relative to the control group during surgical
procedures (MD: —89.65mg, 95% CI: —136.41 to —42.88, P = 0.0002, I = 98%), with sensitivity analysis corroborating
the uniformity of study outcomes. The fentanyl consumption in the AAA group was lower than in the control group
(MD: —0.05mg, 95% CI: —0.07 to —0.03, P<0.0001, I = 58%). However, sensitivity analysis revealed discordant results
upon the exclusion of the study conducted by Zhang L et al 2015.%' The remifentanil consumption in the AAA group was
likewise less than in the control group (MD: —89.09ug, 95% CI. —126.65 to —51.53, P<0.00001, I = 90%), with
sensitivity analysis maintaining consistency. The difference in sufentanil consumption between the AAA and control
groups was not statistically significant (MD: —2.77ug, 95% CI. —8.48 to 2.95, P = 0.34, I? = 88%). Figure 7 also
delineates the dosage of vecuronium bromide, suggesting that AAA may enhance muscle relaxation and decrease the
intraoperative reliance on muscle relaxants (SMD: —1.36, 95% CI: —2.37 to —0.35, P = 0.008, 1> = 0%). However,
sensitivity analysis results became inconsistent upon exclusion of the Ding et al 2008 study.”®

Secondary Outcomes: Postoperative Analgesic Use

Due to the heterogeneity in analgesic formulations within pain pumps across the evaluated studies, the meta-analytic
assessment for this particular outcome focused exclusively on the subgroup that utilized fentanyl as the sole post-
operative analgesic (Figure 8). The findings indicated that AAA is associated with a reduction in the consumption of
fentanyl for postoperative pain management (MD: —22.93mL, 95% CI: —32.00 to —13.86, P<0.00001, I* = 0%), and
sensitivity analysis confirmed the homogeneity of the study outcomes.

AAA+GA AAA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [IV.Random,95%Cl IV.Random.95% Cl
Li 2023 93 21 50 135 32 50 34.0% -4.20[-5.26, -3.14] =
Wei 2022 3 27.33 5.16 40 40.72 8.05 40 32.0% -13.39[-16.35,-10.43] &
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Heterogeneity: Tau? = 30.82; Chi? = 115.67, df =2 (P < 0.00001); I* = 98%

Test for overall effect: Z = 3.05 (P = 0.002) = " L
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Figure 6 Forest plot showing the association of EA use with the TFF.
Notes: The heterogeneity analysis results showed an I value greater than 50%, indicating significant heterogeneity, and thus a random-effects model was adopted.
Abbreviation: TFF, time to first flatus.
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Figure 7 Forest plot showing the correlations of EA use with dosage of (A) Propofol; (B) Fentanyl; (C) Remifentanil; (D) Sufentanil; and (E) Vecuronium bromide.
Notes: Heterogeneity analysis indicated that all subgroups had high heterogeneity, so the random effects model was adopted for all.

Abbreviation: SMD, standardized mean difference (can transform raw data into standardized units, allowing for the integration and comparison of results from various
studies that utilized different measurement tools or scales).
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Figure 8 Forest plot showing the correlations of EA use with postoperative analgesic use (Fentanyl).
Notes: No significant heterogeneity was found; a fixed-effects model was used.

Adverse Events

Among included RCTs, six studies did not report adverse events related to AAA procedures. In other 17 studies, no
serious adverse events (SAEs) were reported. In addition, no adverse events on local stimulated sites such as hematoma
and infections were reported. Collectively, these findings support the favorable safety profile of AAA.

Sensitivity and Subgroup Analysis of the Primary Outcome

The findings from the subgroup analyses are concisely encapsulated in Table 3. The primary outcome measures of this
study were analyzed through meta-analysis at three time points: 2 hours, 12 hours, and 24 hours postoperatively. Since
the I? value was 0% at 2 hours and 12 hours (indicating no heterogeneity), but 96% at 24 hours (indicating significant
heterogeneity), the sensitivity analysis was performed using the leave-one-out method. This involved sequentially
excluding one study at a time from the meta-analysis to explore the sources of heterogeneity. The high heterogeneity
in the 24 hours group remained unchanged, indicating that the results of the meta-analysis are relatively robust. Subgroup
analyses were conducted for the 24 hours group to identify the sources of heterogeneity. Subgroup analyses, stratified by
control group type (GA versus GA plus sham-EA), acupoints (PC6, ST36-based versus other acupoints), EA timing
(30 minutes prior to anesthesia versus other timings), and EA waveform (distant-dense versus other waveforms), showed
no significant effect of acupoint location on the primary outcome—the VAS scores. The other three subgroup analyses
hinted at a modest, albeit statistically non-significant, influence of control group type, EA timing, and waveform on the
outcomes, an effect potentially attributed to the limited sample sizes.

Table 3 Subgroup Analysis on Primary Outcome

Outcome or Subgroup Data Sets | Participants (N) | Effect Estimates;
MD [95% CI]

Type of control group

GA 6 432 —1.08 [-1.43, —0.74] | 94%
Sham-EA+GA | 100 —0.10 [-0.26, 0.06] 0%

Position of acupoint

PCé, ST36-based 6 472 —1.01 [-1.52, -0.49] | 96%

Other acupoint | 60 —0.62 [-0.77, —0.47] 0%
Time of EA

30min before anesthesia 4 292 —1.00 [-1.34, -0.65] | 93%

Other time 3 240 —0.86 [-1.92, 0.20] 97%

Waveform of EA

Distant-dense 5 352 —0.93 [-1.23,-0.63] | 91%
Other waveforms 2 180 —1.00 [-2.78, 0.78] 99%

Abbreviation: MD, mean difference.
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Publication Bias Assessment

The funnel plot was drawn using Manager 5.3 software, with MD as the abscissa and SEM (standard error of the mean
difference) as the ordinate, based on the primary outcome measure, to detect publication bias. An uneven distribution of
studies on either side suggests the possibility of publication bias. Upon visual inspection, the funnel plot for the 12 hours
group showed a symmetrical distribution, with studies roughly evenly and centrally distributed on both sides of the
pooled effect size (Figure S1). In contrast, the funnel plot for the 24 hours group was asymmetrical, indicating a potential
publication bias (Figure S2). For the 2 hours group, only two studies were included, and thus, a funnel plot analysis was
not performed. It is important to note that the validity of the funnel plot symmetry test was low because the cumulative
number of RCTs included in the primary outcome measure was less than 10.

Certainty of Evidence
Supplementary Table S2 encapsulates an assessment of the evidentiary certainty across a spectrum of outcomes. The

highest degree of confidence is accorded to eight outcomes, which include VAS scores at postoperative 2 hours and
12 hours, PONV at 6 hours, 24 hours and 48 hours, TNF-alpha, Dosage of Vecuronium bromide, postoperative analgesic
use, indicating their robustness and reliability. A moderate level of certainty is assigned to nine additional outcomes,
which encompass VAS scores at postoperative 24 hours, PONV without specific temporal, IL-6, IL-10, time to first flatus,
dosage of propofol, dosage of fentanyl, dosage of sufentanil, dosage of remifentanil.

Discussion

This systematic review and meta-analysis, encompassing 23 studies with a patient population of 2,031, reveals several
favorable outcomes associated with the application of AAA in laparoscopic cholecystectomy, including alleviation of
postoperative pain, reduction in the incidence of postoperative nausea and vomiting, acceleration of the recovery of
gastrointestinal function after surgery, reduction in the use of anesthetics, and decrease in dependence on postoperative
analgesics. A schematic diagram summarizing these multifaceted effects of AAA is presented in Figure 9.

VAS

Electric acupoint 001 2 3 4 5 8078

stimulator

D NO PAIN WORST PAIN
Pain assessment

Gastrointestinal function
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_ 7 ST36(Bi)

Laparoscopic
Cholecystectomy >

Use of intraoperative anesthetics Postoperative pain pump

ﬁ Postive function — = = + Negative function

Figure 9 The diagram schematically represents the effects of acupuncture assisted anesthesia during laparoscopic cholecystectomy.
Notes: Visual elements in the diagram were generated by ChatGPT, and the final figure was produced using Adobe lllustrator.
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The analgesic effect is one of the most widely recognized effects of acupuncture.® Recent studies have shown that
the application of AAA in gastrointestinal or gynecological surgery can reduce postoperative pain while decreasing the
doses of intraoperative anesthetics and muscle relaxants.*’ >° Our study indicated that patients who underwent acupunc-
ture intervention had lower postoperative VAS scores than the control group (MD: —0.75 at 2 hours, —0.97 at 12hours,
—0.94 at 24 hours). Acupuncture is reported to stimulate A-beta, A-delta and C fibers, and subsequently suppresses
nociceptive signaling in the spinal dorsal horn through the dorsolateral descending inhibition system, exerting an
analgesic effect.**>'? Furthermore, some studies suggest that electroacupuncture may elevate pain thresholds by
modulating P2X3 receptor expression.'® Additionally, emerging research indicates that acupuncture stimulation can
reduce the release of pro-inflammatory cytokines, such as TNF-alpha and IL-6, in venous blood samples when using
enzyme-linked immunosorbent assay, while concurrently promoting an increase in the levels of the anti-inflammatory
cytokine IL-10.* Results of our study also showed that patients who received AAA exhibited reduced TNF- alpha and
IL-6 levels compared to the control group (TNF-alpha, MD: —2.71 ng/mL; IL-6, MD: —11.15 ng/mL). However, the
results of IL-10 did not show significant differences, which may be related to the relatively small sample size included. In
terms of drug usage, the postoperative analgesic drug fentanyl consumption in the AAA group was lower than that in the
control group. Moreover, the intraoperative anesthetic drug doses of fentanyl, remifentanil, and propofol in the AAA
group were lower than those in the control group. However, there was no difference in sufentanil. This may be due to the
stronger analgesic effect of sufentanil compared to other anesthetic drugs, resulting in a relatively smaller effect from
acupuncture during surgery. Additionally, the dose of the intraoperative muscle relaxant vecuronium bromide in the AAA
group was lower than that in the control group.

Postoperative gastrointestinal dysmotility, bowel movement cessation, and constipation are prevalent complications,
particularly following open abdominal procedures.” PONV and TFF are important outcomes for evaluating postoperative
gastrointestinal function. Recent studies have reported that the application of AAA in gastrointestinal or gynecological
surgery can help reduce the incidence of postoperative PONV and shorten the TFF.**>° Our study also demonstrated that
AAA has the same effect in laparoscopic cholecystectomy (TFF, MD: —9.93 hours; PONV, MD: 0.65 at 6 hours, 0.46 at
24 hours, 0.50 at 48 hours). This may be because acupuncture prevents PONV by modulating endogenous opioid
neuropeptides and neurokinin ligands. Meanwhile, acupuncture exerts an analgesic effect and reduces the use of opioid
drugs, thereby further lowering the risk of PONV. Additionally, in the included studies, the majority of AAA utilized EA.
As reported in a prior literature review, EA can alleviate nausea and vomiting by augmenting the release of endogenous
B-endorphins within the cerebrospinal fluid, thereby eliciting an antiemetic response through p-opioid receptors.® EA
may exert its effects by stimulating adrenergic and noradrenergic nerve fibers, modulating the transmission of 5-hydro-
xytryptamine 3 (5-HTj3), and thus preventing and managing PONV.’**> Meanwhile, animal and clinical studies have
demonstrated that EA can activate the vagus nerve in the spinal cord, thereby facilitating duodenal and distal colonic
motility, leading to an earlier TFF in patients.’®>” In addition to this, the majority of AAA studies utilizing EA have
employed the distant-dense waveform. This waveform generates stimulation at a relatively low frequency (usually <
30Hz) and a relatively high frequency (usually > 30Hz) alternatively. This waveform has been widely reported in studies
for pain management.®

According to Traditional Chinese Medicine (TCM) theory, acupoints are identified as precise anatomical sites on
meridians that reflect the operational status of the internal organs. The acupoint ST36, situated on the Stomach Meridian,
is believed to help improve gastrointestinal function and have a good analgesic effect.’*®' PC6, located on the
Pericardium Meridian, is thought to have antiemetic effects. Most of the included studies incorporated both ST36 and
PC6. However, the results of the subgroup analysis indicated that for the primary outcome measure of pain, both the
combination of ST36 and PC6 and other acupoint schemes were beneficial in reducing postoperative pain. This result
indicated that the analgesic effects were not restricted to the most commonly used acupoints such as ST36 and PC6, and
that other acupoints combination also produced certain therapeutic effects. Further comparisons of the effects of
stimulating different acupoints can be made in future studies. Collectively, these insights suggested that electrical
stimulation at both ST36 and PC6 possessed therapeutic potential for addressing postoperative gastrointestinal dysfunc-
tion and alleviating postoperative pain.
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The present study had several limitations. First, the included RCTs were homogeneous in terms of demographics, with all
participants originating from China. This makes it impossible for us to rule out the potential biases that may arise from
differences in ethnicity, geographical background, and healthcare settings and that may affect the results of the meta-analysis.
Second, there are differences in the AAA protocols among the included studies, such as acupoint selection, electrostimulation
parameters, and the duration of EA intervention, which makes it difficult to develop a generalizable AAA protocol. Lastly, the
extended publication timeline of the included studies, spanning from 2008 to 2024, could engender potential biases associated
with the evolution of acupuncture intervention strategies and the progression of surgical techniques.

Future studies should expand participant diversity to mitigate ethnic, geographical, and healthcare setting biases. Moreover,
standardizing AAA protocols should be a priority. Consensus guidelines or large-scale collaborative studies could aid in creating
a generalized protocol. Additionally, evolution of acupuncture and surgical techniques must also be considered. Future studies
should control for these changes and conduct time-based subgroup analyses to understand their effects on outcomes. In this way,
valid and reliable results can be ensured amid advancing medical practices. By addressing these limitations, addressing these
limitations can provide stronger, more applicable evidence on AAA effectiveness and mechanisms.

Conclusion

The current evidence suggests that in laparoscopic cholecystectomy, AAA has potential advantages over general
anesthesia, either with or without sham acupuncture, in alleviating postoperative pain, diminishing the incidence of
postoperative nausea and vomiting, and expediting the restoration of gastrointestinal function. In addition, AAA may also
reduce intraoperative anesthetic consumption, decrease postoperative dependence on analgesics, and lower postoperative
levels of pro-inflammatory cytokines. However, considering the limitation on quality of current evidence and the
heterogeneity in details of AAA methods among included studies, further high-quality studies focusing on specific
AAA methods are needed to verify these conclusions and therefore contribute its clinical use.
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